SUMMARY
The left ventricular filling and wall movement were investigated in subjects with a third heart sound or ventricular gallop by echocardiography. Nine patients with ventricular gallop, who had left ventricular volume overload diseases, and 6 normal subjects with a third heart sound had higher normalized peak rate of increase of the left ventricular dimension (peak dD/dT/D) than 10 normal subjects without a third heart sound (p<0.01). The normalized lengthening rate in the rapid filling phase was also higher in patients with ventricular gallop than in normal subjects without a third heart sound (p<0.05).
The time from the second heart sound to peak dD/dT/D and rapid filling time did not show statistically significant values between subjects with ventricular gallop or a third heart sound and those without a third heart sound.
These results suggest that higher peak filling, larger filling volume in the rapid filling phase and more abrupt cessation of the outward movement of the left ventricular wall may be a cause of the production of ventricular gallop in patients with left ventricular volume overlaod and of the physiological third heart sound. End-diastolic dimensions (Dd) and end-systolic dimensions (Ds) were measured at the R wave of electrocardiogram and at the onset of the second heart sound respectively. Dimensions at the end of rapid filling (Df) were determined when dD/dT/D reached within 20% of its peak value (Fig. 1) . Intervals from the second heart sound to peak dD/dT/D and to the third heart sound were measured (IIApeak dD/dT/D and IIA-III S time). The time from the second heart sound to Df was taken as 'the rapid filling time' (IIA-Df time). Dimensional lengthening [(Df-Ds)/Ds], divided by end-systolic dimension, and normalized lengthening rate [(Df-Ds)/Ds/IIA-Df time] in the rapid filling phase were also obtained. After the Jap. Heart September, 197 above recording, echoes of the anterior mitral valve and the left atrium were recorded. From these echoes, the diastolic descent rates of the anterior valve (DDR) and the left atrial dimensions (LAD) were measured . Left ventricular posterior wall thickness (LVPWT) between the endocardium and epicardium of the posterior wall was also measured at the R wave of the electrocardiogram . Heart rate was determined by the RR interval and all subjects had sinus rhythm. Note: III S; Third heart sound, IIA; Aortic component of the second heart sound, IIA-peak dD/dT/D; IIA-Peak dD/dTJD time, IIA-Df; IIA-Df time, IIA-III S; IIA-III S time *: statistically different from normal without a third heart sound (p<0.05) **: statistically different from normal without a third heart sound (p<0 .01) Fig. 2 . Diastolic descent rates of the anterior mitral valve (DDR) were significantly elevated in normal subjects with a third heart sound than in those without third heart sound (p<0.01). Normal: Normal subjects, LV Vol.: left ventricular volume overload, III S: third heart sound. Fig. 3 . Normalized peak rates of demensional changes (peak dD/dT/D) were significantly higher in subjects with a third heart sound and with ventricular gallop than in those without a third heart sound (p<0.01).
RESULTS

Normal
Jap. Heart
September, 197 Fig. 4 . Time from second heart sound to peak dD/dT/D (II A-peak dD/ dT/D time). This time appeared to decrease in subjects with a third heart sound and with ventricular gallop compared with subjects without a third heart sound. This was statistically insignificant. Normal subjects with a third heart sound with values between the other 2 groups.
•} 0. [(Df-Ds)/Ds] was larger in subjects with ventricular gallop than in those with no third heart sound (p<0.05).
DISCUSSION
The third heart sound in normal subjects, and its counterpart in patients with heart diseases, the ventricular or protodiastolic gallop, occurs during the rapid filling phase of ventricular diastole. Vibrations within the ventricular wall or of the mitral valve apparatus are thought to be a cause of their production.
Previous studies of the third heart sound or ventricular gallop have been limited to the recording of chest wall movement or to measurement of atrial or ventricular pressures at the time of these heart sounds. Crevasse et al7) found in a study of intracardiac pressure tracing that a third heart sound occurred during early diastolic filling when atrial pressure exceeded ventricular pressure, which showed that this sound appeared to be a function of the magnitude of the atrioventricular pressure gradients, a reflection of the rapidity and volume of early diastolic filling. Grayzel,8) using apexcardiography, observed that prominent outward precordial movement coincided with ventricular gallop in the early diastolic phase.
Ventricular volume changes have long been considered important in the J ap . Heart J. September, 1977 production of a third heart sound. Although the mitral valve apparatus was once considered to play a fundamental role,9)-11) the demonstration of a third sound after homograft mitral and tricuspid valve replacement12) has turned attention to the interplay of hemodynamic events and ventricular wall movement. Volume studies based on biplane angiograms, however, have not given unequivocal support to this idea, showing that low as well as high ventricular filling rates may be found in patients with ventricular gallop.1)
Recently, with the development of the echocardiographic methods which gives excellent resolution in time, it has become possible to study the course of ventricular filling noninvasively. Gibson and Brown13) showed a close correlation between echocardiographic and angiographic measurements of ventricular filling in patients with a variety of heart diseases. They also found that changes in the transverse diameter of the left ventricle may be taken as an index of ventricular filling. In this study, using this method, normalized peak rates of increase in the left ventricular dimension in early diastole were higher in subjects with a third heart sound and with ventricular gallop than in those without a third heart sound. Dimensional lengthening and normalized lengthening rate in the rapid filling phase were also high in patients with ventricular gallop than in normal subjects without a third heart sound. Sakamoto et al6) also showed that normalized rates of rapid ventricular filling were higher in subjects with a third heart sound than in control subjects without a third heart sound. Otherwise, Prewitt et al2) found that peak rates of wall movement were high in patients with non-rheumatic mitral regurgitation and low in those with left ventricular disease, although both patients had the third heart sound. These results and observations suggest that the sound occurs when there is an imbalance between rapid filling and the ventricle's ability to accommodate its increasing diastolic volume. Abnormal ventricular accommodation occurs in heart failure, in which myocardial distensibility may be poor. Grayzel8) reported that the ventricular movements associated with a third heart sound and ventricular gallop were qualitatively similar, but differ quantitatively. In the present study, however, normalized peak rates of dimensional change in subjects with a third heart sound and with ventricular gallop were similar. Although reasons for this difference are not clear, many of our patients with ventricular gallop had mild mitral insufficiency and small cardiovascular shunts. The time from the second heart sound to the normalized peak rate of dimensional change (IIA-peak dD/dT/D time), and to the end of rapid filling (IIA-Df time) appeared to shorten, when subjects with ventricular gallop were compared with those with no third heart sound, but this was not statistically significant. Patients with ventricular gallop had a left ventricular volume overload and may have elevated left atria] pressure. Since this would make the isovolumic relaxation time short, the peak filling and rapid filling phase will terminate earlier and more abruptly. This tendency was also recognized in subjects with a third heart sound, though to a lesser degree. These results may be cause of the production of ventricular gallop in patients with left ventricular volume overload and of the physiological third heart sound.
It is apparent that the echocardiographic method is a useful tool to study on the phase of ventricular filling. However, in order to do this, a continuous measurement of the distance between the interventricular septum and the posterior wall of the left ventricle is required, which is a laborious procedure to carry out manually. Some investigators,3),14),15) therefore, have employed computer techniques to register the position of these 2 echoes throughout the cardiac cycle, and to obtain instantaneous left ventricular dimension and volume with their respective change.
